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L2 ANSWER 1 OF 5 8 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



INVENTOR (S) 



PATENT ASSIGNEE (S) 
SOURCE : 



CAPLUS COPYRIGHT 2 004 ACS on STN DUPLICATE 1 
2004 : 414698 CAPLUS 
140 :401369 

Arabidopsis transcription factors sequence homologs, 
orthologs thereof, and transgenic plants with improved 
abiotic stress tolerance produced by using the same 
Heard, Jacqueline E . ; Riechmann, Jose Luis; Creelman, 
Robert A.; Ratcliffe, Oliver; Kumimoto, Roderick W. ; 
Gutterson, Neal; Reuber, T. Lynne; Pineda, 
Omaira; Libby, Jeffrey M . ; Sherman, Bradley K. 
USA 

U.S. Pat. Appl. Publ., 117 pp., Cont . -in-part of U.S. 
Ser. No. 810,836. 
CODEN: USXXCO 



DOCUMENT TYPE: Patent 

LANGUAGE : Engl i sh 

FAMILY ACC. NUM. COUNT: 2 
PATENT INFORMATION: 



PATENT NO. 



KIND DATE 



APPLICATION NO. DATE 



US 2004098764 
US 2002142281 

PRIORITY APPLN. INFO . : 

AB 



Al 20040520 US 2003-685922 20031014 

Al 20021003 US 2001-810836 20010316 

US 2001-810836 A2 20010316 
The invention relates to plant transcription factor polypeptides, 
polynucleotides that encode them, homologs from a variety of plant 
species, and methods of using the polynucleotides and polypeptides to 
produce transgenic plants having advantageous properties, including 
improved drought and other osmotic stress tolerance, as compared to 
wild-type or reference plants. Sequence information related to these 
polynucleotides and polypeptides can also be used in bioinf ormatic search 
methods to identify related sequences and is also disclosed. Exemplary 
polynucleotides encoding the transcription facto polypeptides of the 
invention were identified in the Arabidopsis thaliana GenBank database. 
Addnl . polynucleotides of the invention were identified by screening 
Arabidopsis thaliana and/or other plant cDNA libraries with probes 
corresponding to known DNA-binding proteins containing a AP2 domain, a DML 
motif, and a B3 domain. 
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ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 



a revolution in 



MEDLINE on STN DUPLICATE 2 

2004113660 MEDLINE 
PubMed ID: 15003225 

Genomics applications to biotech traits: 
progress? . 

Gutterson Neal; Zhang James Z 

Mendel Biotechnology, 21375 Cabot Boulevard, Hayward, 
California 94545, USA., ngutterson@medelbio.com 
Current opinion in plant biology, (2004 Apr) 7 (2) 226-30. 
Ref: 49 

Journal code: 100883395. ISSN: 1369-5266. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
General Review; (REVIEW) 
(REVIEW, TUTORIAL) 
English 

Priority Journals 
200406 

Entered STN: 20040309 
Last Updated on STN : 20040604 
Entered Medline: 20040603 
Twenty years since the inception of the agricultural biotechnology era, 
only two products have had a significant impact in the market place: 
herbicide-resistant and insect-resistant crops. Additional products have 
been pursued but little success has been achieved, principally because of 
limited understanding of key genetic intervention points. Genomics tools 
have fueled a new strategy for identifying candidate genes. Primarily 
thanks to the application of functional genomics in Arabidopsis and other 
plants, the industry is now overwhelmed with candidate genes for 
transgenic intervention points. This success necessitates the application 
of genomics to the rapid validation of gene function and mode of action. 
As one example, the development of C-box binding factors (CBFs) for 
enhanced freezing and drought tolerance has been rapidly advanced because 
of the improved understanding generated by genomics technologies. 



AUTHOR : 

CORPORATE SOURCE 
SOURCE : 



PUB. COUNTRY: 
DOCUMENT TYPE 



LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 
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ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 



CAPLUS COPYRIGHT 2 004 ACS on STN DUPLICATE 3 
2003 :334506 CAPLUS 
138:332873 

Plant cell culture and selection system for selecting 
target genes modifying cellular function 



INVENTOR (S): Engler, Dean; Scofield, Steven; Gutterson, 

Neal; Balint-Kurti , Peter John 

PATENT ASSIGNEE (S) : DNA Plant Technology Corporation, USA 

SOURCE : U.S. Pat . Appl . Publ . , 14 pp . 

CODEN: USXXCO 

DOCUMENT TYPE: Patent 

LANGUAGE: English 

FAMILY ACC. NUM. COUNT: 1 

PATENT INFORMATION : 

PATENT NO. KIND DATE APPLICATION NO. DATE 



US 2003082580 Al 20030501 US 2002-172586 20020613 

PRIORITY APPLN. INFO.: US 2001-303440P P 20010706 

AB The present invention provides methods of selecting and transforming plant 
cells in large scale in vitro liquid cultures to select target genes which 
modifying cellular function. In some methods of the invention, cells are 
selected that comprise a suppressive nucleic acid sequence that suppresses 
the effect of a target gene that impairs cellular function in the cell. 
In other embodiments, the methods are directed to identifying nucleic 
acids that encode polypeptides that phys . interact with one another. 

L2 ANSWER 4 OF 58 CAPLUS COPYRIGHT 2004 ACS on STN DUPLICATE 4 
ACCESSION NUMBER: 2003:129351 CAPLUS 

DOCUMENT NUMBER: 138:164733 

TITLE: Improved Agrobacterium-mediated plant transformation 

by incorporating a lethal polynucleotide in non-T-DNA 
sequences derived from a T-DNA vector 

INVENTOR(S): Gutterson, Neal; Hanson, William G. 

PATENT ASSIGNEE (S): DNA Plant Technology Corporation, USA 

SOURCE: U.S., 21 pp. 

CODEN: USXXAM 

DOCUMENT TYPE: Patent 

LANGUAGE: English 

FAMILY ACC. NUM. COUNT: 1 

PATENT INFORMATION: 

PATENT NO. KIND DATE APPLICATION NO. DATE 



US 6521458 Bl 20030218 US 1999-302980 19990430 

PRIORITY APPLN. INFO.: US 1998-86440P P 19980522 

AB The present invention relates to the production of transformed plants in which 
only sequences between the right border and left border elements of 
Agrobacterium are obtained in selected plant cells. The invention 
provides methods for eliminating plants containing non-T-DNA sequences derived 
from a T-DNA vector. More specifically, the invention provides a method 
for killing plant cells that receive non-T-DNA sequences based on 
incorporation of a lethal polynucleotide sequence into the non-T-DNA 
portion of the vector. The methods comprise introducing into plant cells 
a T-DNA vector comprising a T-DNA sequence having a right border, a left 
border and the polynucleotide of interest positioned between the right 
border and the left border. Also included in the vector is a non-T-DNA 
sequence comprising a lethal polynucleotide sequence. Plant cells are 
then selected which comprise the T-DNA sequence and do not comprise the 
lethal polynucleotide sequence. The lethal polynucleotide can encode a 
lethal polypeptide (e.g., a RNase, such as Barnase) or encode a lethal 
mRNA transcript (e.g., a ribozyme or antisense RNA) . The lethal 
polynucleotide may be altered to prevent expression in the Agrobacterium 
host. This can be accomplished, for instance, by including an intron in 
the coding region. The non-T-DNA sequence may further comprise a 
screenable marker and the method may further comprise detection of the 
screenable marker in the plant cells. A binary vector containing barnase-INT 
and LUC- INT outside the left border and a control vector with a 
non- functional barnase-INT gene are constructed. Agrobacterium-mediated 
transformation of tobacco and tomato using a lethal gene outside the left 



border is described. It was shown that barnase function is directly 
responsible for the reduction in DNA outside the T-DNA being present in 
transformed tobacco and tomato plants. 
REFERENCE COUNT: 15 THERE ARE 15 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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TITLE : 

INVENTOR (S) : 



2003:25146 US PAT FULL 

Methods of gene silencing using inverted repeat 
sequences 

Gutterson, Neal, Oakland, CA, UNITED STATES 
Oeller, Paul, Berkeley, CA, UNITED STATES 



PATENT INFORMATION: 
APPLICATION INFO.: 



NUMBER 



KIND 



DATE 



US 2003018993 Al 20030123 

US 2001-924197 Al 20010807 (9) 



NUMBER 



DATE 



PRIORITY INFORMATION 
DOCUMENT TYPE: 
FILE SEGMENT: 
LEGAL REPRESENTATIVE 



20000815 (60) 



US 2000-225508P 
Utility 
APPLICATION 

TOWNSEND AND TOWNS END AND CREW, LLP, TWO EMBARCADERO 
CENTER, EIGHTH FLOOR, SAN FRANCISCO, CA, 94111-3834 
53" 
1 

3 Drawing Page(s) 
1382 

INDEXING IS AVAILABLE FOR THIS PATENT. 

The present invention provides methods for inhibiting target gene 



NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
NUMBER OF DRAWINGS 
LINE COUNT: 
CAS 
AB 



expression, by expressing in a cell a nucleic acid construct comprising 
an inverted repeat and a sense or antisense region having substantial 
sequence identity to a target gene, wherein the inverted repeat is 
unrelated to the target gene. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 
AUTHOR : 

CORPORATE SOURCE: 



MEDLINE on STN DUPLICATE 5 

2 0 032 63 353 MEDLINE 
PubMed ID: 12789501 

Cost-effective in vitro propagation methods for pineapple. 
Firoozabady E; Gutterson N 

DNA Plant Technology Corporation, CA 94608, Oakland, USA.. 
efiroozabady@freshdelmonte.com 
Plant cell reports, (2003 Jun) 21 (9) 844-50. 
Journal code: 9880970. ISSN: 0721-7714. 
Germany: Germany, Federal Republic of 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200308 

Entered STN: 20030606 
Last Updated on STN: 20030828 
Entered Medline: 20030827 
We have developed an efficient and cost-effective method for commercial 
micropropagation of Smooth Cayenne pineapple. In vitro shoots were used 
as starting materials, and either longitudinal sections of the shoots or 
leaf bases were used as the explants to regenerate shoots. When these 
explants were used, the axillary meristems, which usually remain quiescent 
during shoot multiplication, were able to form new shoots. Subsequent to 
the regeneration step, additional multiplication was achieved inside a 
10-1 Nalgene vessel with shoots immersed in liquid medium for 5-10 min/h 
(periodic immersion bioreactor, PIB) . The shoots were then induced to 
form roots and transferred to soil. Using the above micropropagation 



SOURCE : 

PUB. COUNTRY: 
DOCUMENT TYPE 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



method and the PIB, we produced 6,000-8,000 shoots from two initial shoots 
in less than 6 months. The clonal fidelity of propagated plants was 
tested in Costa Rican and Indonesian pineapple farms. 
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DUPLICATE 6 



ACCESSION NUMBER 
DOCUMENT NUMBER: 
TITLE : 



AUTHOR : 



CORPORATE SOURCE: 



SOURCE 



PUB. COUNTRY: 
DOCUMENT TYPE 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



2003097947 MEDLINE 
PubMed ID: 12609050 

Inverted repeat of a heterologous 3 1 -untranslated region 
for high-efficiency, high -throughput gene silencing. 
Brummell David A; Balint-Kurti Peter J; Harpster Mark H; 
Palys Joseph M; Oeller Paul W; Gutterson Neal 
DNA Plant Technology, 6701 San Pablo Avenue, Oakland, CA 
94608, USA. . brummelld@crop . cri . nz 

Plant journal : for cell and molecular biology, (2003 Feb) 
33 (4) 793-800. 

Journal code: 9207397. ISSN: 0960-7412. 
England: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200305 

Entered STN: 20030302 
Last Updated on STN: 20030516 
Entered Medline: 20030515 
This report describes a method for the easy generation of inverted repeat 
constructs for the silencing of genes of unknown sequence which is 
applicable to high -throughput studies. This improved procedure for 
high-efficiency gene silencing is specific for a target gene, but does not 
require inverted repeat DNA of the target gene in the construct. The 
method employs an inverted repeat of the 3 ■ -untranslated region (3' -UTR) 
of a heterologous gene, and has been demonstrated using the 3 ■ -UTR region 
of the nopaline synthase (nos) gene from Agrobacterium tumefaciens, which 
is often used as the 3 1 -UTR for transgene constructs. In a population of 
independent tomato primary transf ormants harboring a stably integrated 
polygalacturonase (PG) transgene driven by a constitutive promoter and 
linked to an inverted repeat of the nos 3 ' -UTR, 51 of 56 primary 
transformants (91% of the population) showed highly effective 
post-transcriptional silencing of the PG gene, with PG mRNA abundance in 
ripe fruit reduced by 98% or more. The method was also effective in 
Arabidopsis, where two different, relatively uncharacterized plant 
transcription factors were also targeted effectively. This method has the 
advantage of ease and rapidity in preparation of the constructs, since a 
gene of interest can be inserted into a binary vector already containing 
the promoter and the inverted nos domain in a single -cloning step, and 
does not require any knowledge of the DNA sequence. The approach is 
suitable for high- throughput gene silencing studies, where it is necessary 
to investigate the function of hundreds to thousands of uncharacterized 
genes . 
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ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 



INVENTOR (S) : 

PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



2002 : 712 92 7 CAPLUS 
137 :227611 

Methods to assay for post-transcriptional gene 
silencing (PTGS) in a plant cell using 
suppression-sensitive reporter (SSR) targeted to 
chosen gene 

Bedbrook, John R.; Gutterson, Neal; Oeller, 
Paul W. 

DNA Plant Technology Corporation, USA 

U.S. , 15 pp. 

CODEN: USXXAM 

Patent 

English 

1 



PATENT NO. 



KIND DATE 



APPLICATION NO. DATE 



US 6452067 Bl 20020917 US 1998-156210 19980917 

PRIORITY APPLN. INFO.; US 1997-59332P P 19970919 

AB This invention provides methods for identifying plant cells that exhibit 
post-transcriptional gene silencing (PTGS) of a chosen gene. The methods 
involve the use of suppression-sensitive reporter (SSR) gene which is 
introduced into plant cell along with a targeting nucleotide sequence 
substantially identical to a region of a chosen gene. The SSR genes are 
expressed at a lower level in cells that exhibit PTGS than in cells that 
are not silenced for the particular gene. The invention also provides a 
method for detecting PTGS that involves, in addition to the use of an SSR 
gene, introducing into the plant cell a non- suppression sensitive reporter 
(NSR) gene. The NSR gene has a second reporter coding sequence which is 
different from the reporter coding sequence included in the SSR gene, and 
lacks a targeting nucleotide sequence. The level of expression of both 
the SSR gene and the NSR gene are determined By comparing the expression 
levels, one can quantitate the degree of PTGS. In another embodiment, the 
invention provides methods for detecting transgene -induced PTGS of a 
transgene in a plant cell, which involved the use of a SSR gene which 
comprises a targeting nucleotide sequence that is substantially identical 
to a region of the endogenous gene. 
REFERENCE COUNT: 23 THERE ARE 23 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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TITLE : 

INVENTOR (S) : 
PATENT ASSIGNEE (S) 



2002 : 116465 USPATFULL 

Two component plant cell lethality methods and 
compositions 

Gutterson, Neal, Oakland, CA, United States 
Ralston, Ed, Pleasant Hill, CA, United States 
DNA Plant Technology Corporation, Oakland, CA, United 
States (U.S. corporation) 



PATENT INFORMATION: 
APPLICATION INFO.: 



NUMBER 



US 6392119 
US 1998-12895 



KIND 



DATE 



Bl 



20020521 
19980123 



(9) 



NUMBER 



DATE 



PRIORITY INFORMATION 
DOCUMENT TYPE: 
FILE SEGMENT: 
PRIMARY EXAMINER: 
ASSISTANT EXAMINER: 
LEGAL REPRESENTATIVE 
NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
NUMBER OF DRAWINGS: 
LINE COUNT : 



19970124 (60) 



AB 



US 1997-36483P 
Utility 
GRANTED 
Nelson, Amy J. 
Zaghmout, Ousama M. F. 
Townsend and Townsend and Crew LLP 
25 
1 

1 Drawing Figure (s); 1 Drawing Page(s) 
2152 

The present invention is directed to methods for inhibiting the growth 
or killing cell in an organism, particularly plants. Genetically 
engineered cells and which allow for killing or provision of a 
beneficial effect to specified cells are also provided. 
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TITLE: Improved methods of gene silencing in plant using 

inverted repeat sequences from NOS gene 

INVENTOR(S): Gutterson, Neal; Oeller, Paul 

PATENT ASSIGNEE (S) : DNA Plant Technology Corporation, USA 



SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



PCT Int . Appl . , 

CODEN: PIXXD2 

Patent 

English 

1 



39 pp. 



PATENT NO. 
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APPLICATION NO. 
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AB The present invention provides methods for inhibiting target gene 

expression, by expressing in a cell a nucleic acid construct comprising an 
inverted repeat and a sense or antisense region having substantial 
sequence identity to a target gene, wherein the inverted repeat is 
unrelated to the target gene. The inverted repeat is chosen from any 
suitable sequence and has the ability to form a double stranded RNA in the 
cell. N another preferred embodiment, the heterologous inverted repeat of 
the invention is from Agrobacteriumn tumef aciens NOS gene or from the 3 ' 
untranslated region of the NOS gene. In one embodiment, the improved gene 
silencing construct is expressed in a plant cell, where the transcript, or 
fragments thereof, is taken up by plant pathogens such as fungi, bacteria, 
nematodes, e.g., cyst and root knot nematodes, and insects, e.g., sucking 
insects, leading to gene silencing in the pathogen. In another 
embodiment, the improved gene silencing construct is expressed in a 
transgenic plant, and is used to regulate expression of the transgene . N 
another embodiment, the gene silencing vector is used to regulate 
expression of an endogenous plant gene, e.g., to regulate plant phenotypes 
such as disease resistance. 
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2002 :4728 USPATFULL 

Production of polyketides in plants 

Betlach, Mary C, San Francisco, CA, UNITED STATES 

Kealey, James T., Davis, CA, UNITED STATES 

Gutterson, Neal, Oakland, CA, UNITED STATES 
Ralston, Ed, Pleasant Hill, CA, UNITED STATES 



PATENT INFORMATION: 
APPLICATION INFO.: 
RELATED APPLN. INFO. 



NUMBER 



KIND 



DATE 



US 2002002712 Al 20020103 

US 2001-847089 Al 20010501 (9) 

Continuation of Ser. No. US 1998-114083, filed on 10 

Jul 1998, GRANTED, Pat. No. US 6262340 



PRIORITY INFORMATION: 

DOCUMENT TYPE: 

FILE SEGMENT: 

LEGAL REPRESENTATIVE : 



NUMBER 



DATE 



US 1997-52211P 19970710 (60) 

Utility 

APPLICATION 

Kate H. Murashige, Morrison & Foerster LLP, Suite 500, 



3811 Valley Centre Drive, San Diego, CA, 92130-2332 
NUMBER OF CLAIMS: 33 
EXEMPLARY CLAIM: 1 

NUMBER OF DRAWINGS: 3 Drawing Page(s) 

LINE COUNT: 14 06 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides genetically altered plants and plant 

cells that have been modified to contain expression system (s) capable of 
expressing a functional polyketide synthase (PKS) . The present invention 
further provides methods of producing PKS and polyketides using these 
plants and cells. 
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AB Ablation of cells by the controlled expression of a lethal gene can be 
used to engineer plant traits such as male sterility and disease 
resistance. However, it may not be possible to achieve sufficient 
specificity of expression to prevent secondary effects in non-targeted 
tissues. In this paper we demonstrate that the extracellular 
ribonuclease , barnase, can be engineered into two complementary fragments, 
allowing overlapping promoter specificity to be used to enhance targeting 
specificity. Using a transient system, we first show that barnase can be 
split into two inactive peptide fragments, that when co-expressed can 
complement each other to reconstitute barnase activity. When a lucif erase 
reporter gene was introduced into plant cells along with genes encoding 
both partial barnase peptides, a substantial reduction in lucif erase 
activity was seen. Cytotoxicity of the reconstituted barnase was 
demonstrated by crossing together parents constitutively expressing each 
of the barnase fragments, then assaying their progeny for the presence of 
both partial barnase genes. None of over 3 00 tomato seeds planted 
resulted in a viable progeny that inherited both transgenes . When 
expression of the partial barnase genes was instead targeted to the 
tapetum, male sterility resulted. All 13 tomato progeny that inherited 
both transgenes were male sterile, whereas the three progeny inheriting 
only the N-terminal barnase gene were male fertile. Finally, we describe 
how male sterility generated by this type of two-component system can be 
used in hybrid seed production. 
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This invention provides methods for identifying plant cells that exhibit 
post-transcriptional gene silencing (PTGS) of a chosen gene. The methods 
involve the use of suppression-sensitive reporter genes that, when 
introduced into plant cells, are expressed at a lower level in cells that 
exhibit PTGS than in cells that are not silenced for the particular gene. 
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The present invention provides genetically altered plants and plant 
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cells that have been modified to contain expression system (s) capable of 
expressing a functional polyketide synthase (PKS) . The present invention 
further provides methods of producing PKS and polyketides using these 
plants and cells. 
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AB The present invention provides methods for conferring parasitic nematode 
and insect pest resistance to plants, by expressing in a plant dsRNA 
having substantial sequence identity to an endogenous gene of the plant 
parasitic nematode or insect pest. Several gene fragments, including 
unc-17, nuo-1 and sec-1, were cloned from C.elegans, Meloidogyne incognita 
and/or Manduca sexta. DsRNA derived from these gene sequences were 
produced in transgenic plants and resistances of transgenic plants to M. 
incognita were analyzed. 
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The present invention is directed to methods for producing plants 
containing alternate expression cassettes at a single locus in the plant 
genome. The two expression cassettes encode polypeptides which, when 
present in the same cell, are lethal to the cell. In preferred 
embodiments, the plant cell is an anther cell and the plant is male 
sterile . 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides a method of producing a transformed 

banana plant (genus, Musa) , in particular by tranforming embroygenic 
material, or the somatic embryos derived from a banana plant, through 
incubation with Agrobacterium cells carrying exogenous DNA sequence (s) , 
and obtaining regenerated plants. 
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Genes of strawberry species that are similar to genes from other plant 
species that are involved in regulating flower are cloned and 
characterized for use in altering patterns of flowering behavior. The 
genes were cloned by RT-PCR of strawberry inflorescence mRNA using 
degenerate primers derived from conserved regions of genes known to be 
involved in flowering. Preliminary cDNA clones were used as probes to 
obtain genomic clones . 
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AB The present invention is directed to methods for the genetic 

transformation of pineapple plant tissue with Agrobacterium tumefaciens. 
Specifically the methods comprise contacting the pineapple cell with a 
culture of A. tumefaciens comprising a T-DNA and selecting cells containing 
said T-DNA. The T-DNA includes a heterologous DNA segment operably linked 
to a constitutive, inducible or tissue specific promoter, such that the 
DNA segment is integrated into the genome of the pineapple cell. The DNA 
segment is selected from a group of genes encoding ACC synthase, ACC 
oxidase, malic enzyme, malic dehydrogenase, glucose oxidase, chitinase, 
defensin, expansin, hemicellulase , xyloglucan transglycosylase, or RNase, 
or from apetala, leafy, knotted-related, homeobox or Etr-related genes. 
The heterologous DNA segment may confer resistance to insects, drought, 
nematodes, viral disease, or bacterial disease. In some embodiments the 
pineapple cell contacted with A. tumefaciens is an embryonic cell or an 
embryonic callus cell. The present invention also provides for the 
regeneration of intact pineapple plants from the transformed tissue. In a 
preferred embodiment the pineapple tissue is from a pineapple leaf base or 
a stem section. 
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AB A method of transforming banana (genus, Musa) is disclosed, in particular 
by transforming embryogenic material, or the somatic embryos derived 
therefrom, through incubation with Agrobacterium cells carrying exogenous 
DNA sequence (s), and obtaining regenerated plants therefrom. 
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AB A simple modification to standard binary vector design has been utilized 
to enrich an Agrobacterium-transf ormed population for plants containing 
only T-DNA sequences. A lethal gene was incorporated into the non-T-DNA 
portion of a binary vector, along with a screenable marker. The resulting 
class of vectors is designated as NTL T-DNA vectors (non-T-DNA lethal 
gene -containing T-DNA vectors) . The lethal gene used here is a CaMV 
35S-barnase gene with an intron in the coding sequence (barnase-INT) ; the 
screenable marker is a pMAS -lucif erase gene with an intron in the coding 
sequence (LUC-int) . To evaluate the utility of this vector design, 
tobacco plants were transformed with either the NTL T-DNA vector or a 
control vector from which most of the barnase-INT gene was deleted. 
Populations of 5 0 transgenic plants were scored for LUC expression. The 
results indicated a dramatic reduction in the presence of non-T-DNA 
sequences in the transgenic population using the NTL T-DNA vector. Only 
one transgenic plant was found to be LUC+ using the NTL vector, compared 
with 42 of 50 plants using the control vector. Importantly, the 
efficiency with which transformed tobacco plants was obtained was reduced 
by no more than 30%. The reduction in LUC+ transgenics was partially 
reversed when a barstar-expressing tobacco line was transformed, 
indicating that barnase expression was responsible for the reduced 
frequency of incorporating non-T-DNA sequences. Similar transformation 
results were obtained with tomato and grape. The incorporation of a 
barnase-INT gene outside the left border appears to provide a generally 
applicable tool for enriching an Agrobacterium-transf ormed population for 
plants containing only T-DNA sequences. 
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AB The present invention is directed to methods for the genetic 

transformation of pineapple plant tissue with Agrobacterium. The methods 
comprise contacting the pineapple cell with a culture of Agrobacterium 
comprising a T-DNA and selecting cells that contain the T-DNA. The T-DNA 
includes a DNA segment operably linked to a promoter and functional in the 
pineapple cells, such that the DNA segment is integrated into the genome 
of the pineapple cells. The DNA segment can comprise a gene, a gene 
fragment, or a combination of genes. The pineapple is preferably Smooth 
Cayenne, and Agrobacterium is preferably A. tumefaciens. The present 
invention also provides for the regeneration of intact pineapple plants 
from the transformed tissue. Generally, the pineapple tissue at the young 
shoot stage (from transformed embryogenic cells) is cultured on a medium 
comprising an effective amount of a strong auxin such as picloram. 
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IE, IT, LU, MC, NL, PT, SE, BF, BJ, CF, CG, CI, CM, GA, GN 
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19960509 
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PRIORITY APPLN. INFO.: AU 1995-2862 19950509 
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AB The present invention relates generally to transgenic plants which exhibit 
prolonged post-harvest life properties. More particularly, the present 
invention is directed to transgenic carnation plants modified to reduce 
expression of one or more enzymes associated with the ethylene biosynthetic 
pathway. Flowers of such carnation plants do not produce ethylene, or 
produce ethylene in reduced amts., and are, therefore, capable of 
surviving longer post-harvest than flowers of non-genetically modified, 
naturally-occurring carnation plants. 
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A review and discussion with 11 ref s . The utility of sense suppression of 
anthocyanin biosynthetic genes to modify flower color has been 
demonstrated with chalcone synthase. This approach has been fairly 
predictable, with a range of possible flower colors being produced due to 
the quant, nature of suppression. Because virtually all of the main 
anthocyanin biosynthetic pathway genes have been isolated now from more 
than one plant source, broad application of this approach is possible. It 
should be possible to identify an appropriate gene for specific color 
change, to isolate the gene based on sequence conservation, and to produce 
plants altered for expression of the gene and flower color. This approach 
to modifying flower color offers a useful alternative, or adjunct, to 
conventional breeding. 
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DOCUMENT TYPE: Journal 
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AB We have developed an efficient method for transformation and regeneration 
of plants from carnation, Dianthus caryophyllus L . Whole leaves from in 
vitro shoot cultures were mixed with Agrobacterium, cocultivated for 5 
days and then plated on 2 ug/L chlorsulf uron (CS) . Regenerated shoots 
and shoot clusters were divided into smaller sections and plated on 3 
ng/L CS for selection to produce fully transformed shoots. Geneticin 
(G418) and kanamycin used were not as effective selective agents as CS. 
All regenerated shoots were vitrified. These were normalized, rooted and 
transferred to the greenhouse. 100% Of regenerated plants were 
transformed based on rooting assay, GUS assay, PCR and Southern anal. 
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APPLICATION INFO. : US 1990-609331 19901105 (7) 
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AB Viable bacteria may be detected in biological samples by exposing 

bacterial cultures obtained from the samples to transducing particles 
having a known host range. Such transducing particles carry a 
heterologous gene capable of altering the phenotype of the bacteria in a 
readily detectable manner. For example, the transducing particles may 
carry an ice nucleation gene and the alteration of phenotype may be 
detected using an ice nucleation assay. By employing a panel of phage, 
unknown bacteria nmay be typed based on the pattern of reactivity 
observed. The transducing particles may be prepared by introducing a 
synthetic transposable element carrying the heterologous gene to a host 
carrying a prophage having the desired host range. After transposition, 
the host may be induced to a lytic cycle to release the transducing 
particles carrying the heterologous gene. 
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AB A review with many refs. Pathways for biosynthesis of anthocyanin and 

carotenoid pigments have been studied in a number of plants, and some genes 
have been isolated which encode individual enzymes of the pathways. Some 
of these genes have now been used to manipulate color in flowers and 
fruit, either by blocking pigment synthesis, or by causing pigments not 
normally found in a crop species to be produced. No example yet exists 
for pathway manipulation of a fragrance or flavor chemical The key 
limitation to mol . breeding is now the lack of the biochem. understanding 
of any particular trait. 
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Introduction of heterologous genes into bacteria using 
transposon- flanked expression cassette and a binary 
vector system 
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AB A method for integration of heterologous genes into bacterial genomes is 
described. The method involves the homologous recombination of a carrier 
plasmid and a functions plasmid to form a combined plasmid. The carrier 
plasmid contains a transposable element which flanks a generic expression 
cassette. The functions plasmid contains transposase genes which 
complement the transposable element on the carrier plasmid. The combined 
plasmid is then transferred to a recipient and the recipient is monitored 
for integration of the expression cassette into the gene. The 
recombination event which occurs to produce the combined plasmid occurs 
between overlapping segments of a selectable marker such that 
recombination results in the construction of a functional selectable 
marker. The method was employed to introduce the inaW gene into the 
genome of Pseudomonas fluorescens. The combined plasmid, containing elements 
of Tn7, was prepared by homologous recombination in Escherichia coli and 
transferred to P. fluorescens by conjugation. 
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Strain MK2 80 of Pseudomonas putida was treated with MMNG to obtain 
mutants sensitive to an osmotic potential of -1.0 MPa (selected by 
supplementing a minimal medium with NaCl, Na sub (2) SO sub (4), KC1 or 
sorbitol) . There were no significant differences between the populations 
of MK280 applied onto seeds and its osmosensitive mutant (NP179) after 
bacterial suspensions were dried onto cotton seeds. Likewise, 
osmotolerance did not correlate with short-term rhizosphere colonization 
since population density of strain NP17 9 on roots were not significantly 
different from strain MK2 8 0 when cotton was grown in non-autoclaved or 
autoclaved soil at a low matric potential (-0.18 MPa). Strain B10-13b (a 
Pseudomonas fluorescens) strain for which low rhizosphere colonization 
potential had been previously correlated with osmosensitivity) colonized 
the spermosphere and rhizosphere as well as strain MK280 and NP179 when 
cotton was grown in autoclaved soil. 
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AB A review with 42 ref s . on the use of biotechnol . in approaches to find 
genes required for biol . control; biocontrol of soil -borne fungal 
pathogens by fluorescent pseudomonads is considered. 
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This review discusses those microbes which are able to control fungal 
diseases of plants, generally referred to as microbial fungicides. The 
focus is on developments with bacterial biocontrol agents (principally 
fluorescent pseudomonads) , with a brief discussion of relevant work with 
Trichoderma spp. Although it is not usually known whether these agents 
actually act biocidally, they have been grouped into the category of 
microbial fungicides based on past usage with chemicals. We can define a 
microbial fungicide, then, as any microbe which can be applied to a plant 
surface and which reduces the incidence or severity of a fungal disease. 
It reviews work done with a mechanistic focus, limiting discussion of work 
that may be categorized as system development, or that is 
phenomenological . 
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AB Antibiotic biosynthesis is regulated by glucose in Pseudomonas fluorescens 
HV37a. Fusions between antibiotic biosynthetic operons (afu operons) and 
the Escherichia coli lac operon were isolated to evaluate the genetic 
determinants for the regulation of antibiotic biosynthesis. Four afu 
transcriptional units were defined, afuE, afuR, afuAB, and afuP. The afuE 
and afuR transcripts were promoted divergently at one locus and were 
catabolite induced, by 250-fold and 5-fold, respectively; the afuAB and 
afuP transcriptional units were not linked to the others and were not 
catabolite induced. Thus, regulation of afuE and afuR operon 
transcription is apparently the mechanism whereby glucose regulates 
antibiotic biosynthesis. Catabolite induction of the afuE and afuR 
transcriptional unit was dependent on the products of the afuA, afuB, and 
afuP genes. Expression of the afuE transcriptional unit was altered 
quantitatively in afuE mutants. Apparently the afuE transcriptional unit 



is regulated, at least in part, by its own gene products. Under inducing 
conditions, expression of the afuE, afuR, and afuP transcriptional units 
increased rapidly during a 6-h period. 
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We describe the construction and utilization of a new mobilizable cosmid 
vector. Using this vector, mobilizable libraries of bacterial DNA can be 
efficiently made without a need for size fractionation of target DNA. The 
low stability of this vector in Pseudomonas fluorescens makes it useful in 
a rapid strategy, which is not dependent on plasmid incompatibility, for 
recombining transposon- induced mutations into the bacterial chromosome. 
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Multiple antibiotics produced by Pseudomonas fluorescens 
HV37a and their differential regulation by glucose. 
James D W Jr; Gutterson N I 

Applied and environmental microbiology, (1986 Nov) 52 (5) 
1183-9 . 

Journal code: 7605801. ISSN: 0099-2240. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
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Entered Medline: 19870112 

AB Pseudomonas fluorescens HV3 7a inhibited growth of the fungus Pythium 

ultimum on potato dextrose agar (PDA) . An antibiotic activity produced 
under these conditions was fractionated and partially characterized. 
Extracts prepared from the PDA on which HV3 7a was grown revealed a single 
peak of antibiotic activity on thin-layer chroma tograms . Similar extracts 
were prepared from mutants of HV37a. Their analysis indicated that the 
antibiotic observed in thin- layer chromatograms was responsible for fungal 
inhibition observed on PDA. The production of the PDA antibiotic required 
the presence of glucose, whereas two other antibiotic activities were 
produced only on potato agar without added glucose. Two mutants (denoted 
Afula and Afulb) previously characterized as deficient in fungal 
inhibition on PDA showed altered regulation of the production of all three 
antibiotics in response to glucose. These mutants were also deficient in 
glucose dehydrogenase. Mutants isolated as deficient in glucose 
dehydrogenase were also deficient in fungal inhibition and were grouped 
into two classes on the basis of complementation analysis with an Aful 
cosmid. Glucose regulation of antibiotic biosynthesis therefore involves 
at least two components and requires glucose dehydrogenase. 
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Pseudomonas fluorescens HV3 7a inhibits growth of the fungus Pythium 
ultimum in vitro. Optimal inhibition is observed on potato dextrose agar, 
a rich medium. Mutations eliminating fungal inhibition were obtained 
after mutagenesis with N-methyl-N ' -nitro-N-nitrosoguanidine . Mutants were 
classified by cosynthesis and three groups were distinguished, indicating 
that a minimum of three genes are required for fungal inhibition. Cosmids 
that contain wild-type alleles of the genes were identified in an HV37a 
genomic library by complementation of the respective mutants. This 
analysis indicated that three distinct genomic regions were required for 
fungal inhibition. The cosmids containing these loci were mapped by 
transposon insertion mutagenesis. Two of the cosmids were found to 
contain at least two genes each. Therefore, at least five genes in HV37a 
function as determinants of fungal inhibition. 
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Role of antibiotic biosynthesis in rhizosphere disease 
control: Genetic analysis of antibiotic biosynthesis in a 
Pseudomonas fluorescens strain. 
Gutterson, N.I.; Ziegle, J.S.; Layton, T.J.; 
Warren, G.J. 

Advanced Genetic Sciences, Inc., 6701 San Pablo Ave., 
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PHYTOPATHOLOGY., (1985) vol. 75, no. 11, p. 1343. Abstract 
only. . 

Meeting Info. : Annual Meeting of the American 
Phytopathological Society. Reno, NV (USA). 11-15 Aug 1985. 
Journal 

Conference; Abstract 
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English 

A number of fluorescent pseudomonads isolated from the rhizosphere protect 
plants against infection by root pathogens and secrete antibiotics. The 
role of antibiotic biosynthesis in disease protection has not been tested 
rigorously. To perform such a test, mutants isogenic to the wild type 
strain must be constructed. A fluorescent pseudomonad, HV37a, produces 
antibiotic and protects cotton seedlings from Pythium ultimum -induced 
damping-off. Mutants deficient in antibiotic biosynthesis were isolated 
using NTG mutagenesis. Cosmids containing genes for antibiotic 
biosynthesis were identified by complementing mutants with an HV3 7a 
library. 
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A diffusion assay for detection and quantitation of 
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Chelsky D; Gutterson N I; Koshland D E Jr 
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Entered Medline: 19841218 
The methyl esterif ication of bacterial and mammalian proteins is a subject 
of increasing interest and effort. Such studies in intact cells typically 
involve the use of [methyl -3H] methionine which is taken up and 
incorporated into S-adenosyl-L-methionine , the methyl donor. The level of 
methylation, however, is much less than the incorporation of labeled 
methionine directly into protein. A diffusion assay which distinguishes 
[3H] methionine from the base-labile [3H] methyl esters is described here. 
The ester linkage is hydrolyzed at high pH to release [3H] methanol from 
the sample which diffuses into an adjacent pool of scintillation fluid. 
The assay is contained in a scintillation vial which can be counted 
directly. 
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Replacement and amplification of bacterial genes with 
sequences altered in vitro. 
Gutterson N I; Koshland D E Jr 

Proceedings of the National Academy of Sciences of the 
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AB An efficient method for the replacement of chromosomal DNA by segments 

altered in vitro has been developed for bacteria. The method requires (i) 
a recombinant plasmid with a ColEl-like replicon and (ii) a strain 
defective in DNA polymerase I (polA) , which is unable to replicate the 
plasmid extrachromosomally . This method is of general use since there are 
a number of suitable vectors and polA strains are available in both 
Escherichia coli and Salmonella typhimurium, the two most widely studied 
bacterial species. Using the method, we have constructed two chromosomal 
deletions in the chemotaxis gene region of S. typhimurium. In addition, 
plasmid sequences integrated into the chromosome have been amplified up to 
30-fold by varying the concentration of ampicillin or tetracycline in the 
growth medium. 
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MOLECULAR NEUROBIOLOGY. 
AUTHOR: Koshland, D.E.,Jr.; Russo, A.F.; Gutterson, N.I. 

CORPORATE SOURCE: Dep. Biochem., Univ. California, Berkeley, CA 94720, USA; 

Cold Spring Harbor Lab., Cold Spring Harbor, NY (USA) 
SOURCE: COLD SPRING HARBOR SYMP . QUANT. BIOL., (1983) pp. 805-810. 

Meeting Info.: 48. Cold Spring Harbor Symposia on 

Quantitative Biology. Symposium on Molecular Neurobiology. 

Cold Spring Harbor, NY (USA). Jun 1983. 

ISBN: 0-87969-048-8. 
DOCUMENT TYPE: Book 
TREATMENT CODE: Conference 
FILE SEGMENT: R; M; L; J 

LANGUAGE: English 

AB The bacterium is similar to a neuron in the sense that it receives its 
information from receptors, is capable of integrating information from 
different receptors, and delivers an output that is the result of this 
integrative processing. The bacterial cell and the neuron share these 
common features with other cells that receive and process information from 
the environment through receptors. To clarify the information processing 
role of receptors, it was desirable to isolate a receptor, modify it 
systematically, and study its various functions individually. The 
aspartate receptor involved in chemotaxis was an attractive vehicle for 
this kind of study. The 60 , 000 -dalton protein has been purified and 
reconstituted into phospholipid vesicles so that its functions can now be 
studied both in vivo and in vitro. In addition, it was of interest to 
overproduce the receptor to see how this increased level would change the 
information processing. 
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CORPORATE SOURCE: Dep. Chem. , Yale Univ., New Haven, CT, 06520, USA 

SOURCE: Journal of the American Chemical Society (1980), 

102(5), 1665-70 
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DOCUMENT TYPE: Journal 
LANGUAGE : Eng 1 i s h 

AB NMR studies were carried out on the solution conformations of trimethylene 
phosphate (2 -hydroxy-2 -oxo- 1 , 3 , 2 -dioxaphosphorinane) substituted at the 5 
position with alkyl and alkoxy groups. The conformational energies of the 
alkyl groups are essentially independent of solvent, with values from 0.5 
to 0.8 kcal/mol being found for the equatorial preferences of Me, Et, 
Me2CH, and Me3C. However, with alkoxy groups, the conformational energies 
are solvent dependent, with the values for 5-MeO ranging from 1.0 kcal/mol 
favoring the axial position in D20 to 0.2 kcal/mol favoring the equatorial 
position in acetone-d6. These results can be explained by assuming that 
polar solvents preferentially solvate the most polar conformation of a 
conf ormationally flexible solute. Since the 5-alkoxy substituent of the 
trimethylene phosphate ring in cyclic AMP is constrained to be in an 
equatorial position by the transfusion of the trimethylene 
phosphate -ribofuranoside ring system, solvation effects appear to be 
important in the observed thermodn. instability of cyclic AMP in water. A 
biochem. role for this solvation effect in proposed. 
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SOURCE: Journal of the American Chemical Society (1980), 

102(5), 1655-60 
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DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The enthalpies of hydrolysis of several cyclic phosphate diesters which 

can be considered to be structural analogs of the trans-fused trimethylene 
phosphate-ribofuranoside ring system of adenosine 3', 5' -cyclic phosphate 
were determined by microcalorimetric techniques with the metal -dependent 
phosphohydrolase from Enterobacter aerogenes as catalyst. At pH 7.3 and 
25°, values were obtained for the following Na salts: 
trans-2-hydroxytetrahydrofuranmethanol cyclic phosphate, 
trans-2-hydroxycyclopentanemethanol cyclic phosphate, cis-2- 
hydroxycyclopentanemethanol cyclic phosphate, 5 -methoxytrimethylene 
phosphate, and 5-methyltrimethylene phosphate. Evidently, the trans -fused 
trimethylene phosphate -tetrahydrofuran structure is responsible for the 8 
kcal/mol more exothermic enthalpy of hydrolysis which cAMP displays 
relative to trimethylene phosphate. About 5 kcal/mol of the excess 
enthalpy of hydrolysis of cAMP is the result of geometric distortion due 
to the trans-ring fusion. About 3 kcal/mol of the excess enthalpy of 
hydrolysis of cAMP cannot be accounted for by intramol . effects, 
suggesting that solvation effects play an important role in the thermodn. 
stability of cAMP. 
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high-efficiency, high- throughput gene silencing. 
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AB This report describes a method for the easy generation of inverted 

repeat constructs for the silencing of genes of unknown sequence which is 

applicable to high- throughput studies. This improved procedure for 

high-efficiency gene silencing is specific for a target gene, but does not 

require inverted repeat DNA of the target gene in the construct . 

The method employs an inverted repeat of the 3 ' -untranslated 

region (3 1 -UTR) of a heterologous gene, and has been demonstrated using 

the 3 ■ -UTR region of the nopaline synthase (nos) gene from 

Agrobacterium tumefaciens, which is often used as the 3 ' -UTR for transgene 
constructs. In a population of independent tomato primary transf ormants 
harboring a stably integrated polygalacturonase (PG) transgene driven by a 
constitutive promoter and linked to an inverted repeat of the 
nos 3' -UTR, 51 of 56 primary transf ormants (91% of the population) 
showed highly effective post-transcriptional silencing of the PG gene, 
with. . . the constructs, since a gene of interest can be inserted into 
a binary vector already containing the promoter and the inverted 
nos domain in a single -cloning step, and does not require any 
knowledge of the DNA sequence. The approach is suitable for. 
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expression of an endogenous plant gene, e.g., to regulate plant phenotypes 
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Gutterson, Neal, Oakland, CA, UNITED STATES 

present invention provides methods for inhibiting target gene 
expression, by expressing in a cell a nucleic acid construct comprising 
an inverted repeat and a sense or antisense region having 
substantial sequence identity to a target gene, wherein the 
inverted repeat is unrelated to the target gene. 
SUMM . . . enzyme activity in 15% of a population of tomato plants 

(Hamilton et al . , Plant J. 15:737-746 (1998); WO98/53083) . However, if 
inverted and sense repeats of part of the 5 • -UTR of this ACC 
oxidase were included in the construct, suppression was observed, 
degradation. In addition, high frequency and high level 
posttranscriptional gene silencing have been found by introduction 
either of constructs containing inverted repeats of the coding 
regions of virus or reporter genes, or by crossing together plants 
expressing the sense and antisense. 
SUMM . . . provides an improved method for gene silencing that is specific 
for a target gene but does not require antisense or inverted 
repeat DNA of this gene of interest in the construct. The method employs 
an inverted repeat of an element of the transcript 5 ' or 3' to 
the gene of interest, wherein the element is not related by sequence to 
the gene of interest. The inverted repeat sequence can be any 
convenient heterologous sequence or subsequence thereof, e.g., a leader 
sequence, a coding region, a transcribed. . . terminator, a 
polyadenylation sequence, a non-transcribed sequence, e.g., a promoter, 
or a random sequence, e.g., a synthetic sequence. Preferably, the 
inverted repeat is not part of an intron sequence. An 
inverted sequence repeat of about 30 to more than about 1000 
base pairs is incorporated into a sense construct either 5 1 or 3 1 to the 
targeting sequence that targets the endogenous gene. Alternatively, the 
inverted sequence repeat is flanked by a 5 1 and a 3 ' targeting 
sequence. Once the posttranscriptional gene silencing mechanism is 
triggered, sequences in cis to the inverted repeat become 
targets of gene silencing. This method has the advantage of ease and 
rapidity in preparation of the constructs, since the inverted 
repeat can be made separately and used for many different transgenes, 
and is suitable for high- throughput studies. In addition, multiple. 

containing the same repeat element can be silenced at the same time, 
since the initial silencing trigger mediated through the 
inverted repeat region will apply to all of the transcripts. 



a sense or antisense targeting sequence having substantial 
identity to at least a subsequence of the target gene, and an 
inverted repeat of a subsequence of an NOS gene, 
wherein the inverted repeat is heterologous to the targeting 
sequence, thereby reducing expression of the target gene. 

a sense or antisense targeting sequence having substantial 
identity to at least a subsequence of the target gene, and an 
inverted. repeat of a subsequence of an NOS gene, 
wherein the inverted repeat is heterologous to the targeting 
sequence . 

a sense or antisense targeting sequence having substantial 
identity to at least a subsequence of the target gene, and an 
inverted repeat of a subsequence of an NOS gene, 
wherein the inverted repeat is heterologous to the targeting 
sequence . 

[0011] In one embodiment, the inverted repeat is in a position 
3' to the targeting sequence. In another embodiment, the 
inverted repeat is in a position 5' to the targeting sequence. 
[0012] In one embodiment, the inverted repeat is from the 3' 
untranslated region of the NOS gene. In another embodiment, 
the inverted repeat is from the terminator region of the 
NOS gene . In another embodiment , the inverted repeat 
is from the 5' untranslated region of the NOS gene. In another 
embodiment, the inverted repeat is from the coding region of 
the NOS gene. In another embodiment, the NOS gene is 
from an Agrobacterium sp. 

[0013] In one embodiment, the inverted repeat comprises a 
sense region, a linker region, and an antisense region. In another 
embodiment, the inverted repeat is from about 3 0 to about 2 00 
nucleotides in length. 

[0020] FIG. 1 provides a schematic representation of a construct 
containing an inverted repeat of the nopaline synthase ( 
nos) 3' untranslated region. Arrows indicate the orientation of 
the DNA fragments used to assemble the construct. 

The present invention therefore provides improved methods of 
gene silencing, by expressing in an organism a nucleic acid having an 
inverted repeat 5' or 3' to a sense or antisense targeting 
sequence, wherein the sense or antisense targeting sequence has 
substantial sequence identity to the target gene to be suppressed, but 
the inverted repeat is not related by sequence to the target 
gene. In another embodiment, the heterologous inverted repeat 
is flanked by a 5 1 and 3' targeting sequence. 

[0024] The inverted repeat is chosen from any suitable 

sequence, and is typically from about 3 0 to about 10 00 base pairs in 

length, preferably 30 to about 600, or 30 to 200 base pairs in length. 

Each element of the inverted repeat is about 15 to about 5 00 

base pairs in length, preferably about 15 to about 100 base pairs in 

length. The inverted repeat has the ability to form a double 

stranded RNA in the cell. Without being tied to theory, the 

inverted repeat transcript may form a hairpin or a stem loop 

structure. The repeat may also comprise a linker between the two 

elements of the inverted repeat, the linker typically being 

from about 15 to about 200 base pairs in length. In a preferred 

embodiment, the heterologous inverted repeat of the invention 

is from the NOS gene (nopaline synthase gene) of soil 

bacteria, e.g., Agrobacterium species (see, e.g., FIG. 1). In another 
preferred embodiment, the NOS gene is from Agrobacterium 
tumef aciens . In another preferred embodiment, the heterologous 
inverted repeat of the invention is from the 3 ■ untranslated 
region of the NOS gene (e.g., complement of nucleotides 
26573-28167 of GenBank accession no. AJ237588) . 

male sterility, etc. In another embodiment, the improved gene 
silencing construct is used to regulate multiple transgenes having the 
same inverted repeat element'. 

identity to one another) arranged to make a transcribed nucle 



acid, e.g., a coding region from another source and an inverted 
repeat region from another source . 

DETD [0035] "Inverted repeat" refers to a nucleic acid sequence 

comprising a sense and an antisense element positioned so that they are 
able to form a double stranded RNA when the repeat is transcribed. The 
inverted repeat may optionally include a linker sequence between 
the two elements of the repeat. The elements of the inverted 
repeat have a length sufficient to form a double stranded RNA. 
Typically, each element of the inverted repeat is about 15 to 
about 2000 base pairs in length. 

DETD ... a promoter or promoters such that either a sense and an 
antisense strand of RNA will be transcribed. A heterologous 
inverted repeat is typically positioned at either the 5' or 3' 
end of the targeting sequence. Alternatively, the inverted 
sequence repeat is flanked by a 5 ' and a 3' targeting sequence. The 
construct is then transformed into the organism. 

DETD [0073] In the example described below, a construct containing an 
inverted repeat of the terminator of the nopaline synthase ( 
nos) gene of Agrobacterium tumefaciens was prepared. A schematic 
representation of the construct possessing an inverted repeat 
of the nos 3 1 -UTR is shown in FIG. 1. An inverted 
nos terminator sequence was attached to a downstream sense 
nos terminator separated by a linker sequence, here consisting 
of a region of plant DNA but for which any sequence of . . . for any 
gene which is attached, and targets the entire transcript for 
degradation. Gene silencing is thus accomplished by an inverted 
repeat structure that is incorporated into the intended transcript, but 
that is not related by sequence to the target gene. To test the efficacy 
of this approach, a construct containing the inverted 
nos repeat was attached to the cDNA for tomato fruit 

polygalacturonase (PG) , a gene which is expressed at particularly high 
levels . 

DETD . . . from a plant heat shock 70 (hsp70) gene, the full-length ORF of 
p-glucuronidase (GUS) as a histological reporter gene, a 
nos 3' terminator, and pGEM-5ZF+ (Promega) as the plasmid 
vector. To clone PG into this construct, primer-mediated PCR 
amplification was conducted. 

DETD . . . the DNA subjected to agarose gel electrophoresis. To remove the 
GUS reporter gene fragment, the band containing the FMV:hsp70 promoter, 
nos 3 ' terminator and plasmid vector was purified using the 
QIAquick.TM. kit as described. 

DETD . . . inconvenient restriction endonuclease sites in pKL3063, a 

fragment of pFMV-PG23 containing a significant portion of the PG ORF and 

the nos 3' terminator was subcloned into a plasmid vector. 

This enabled the subsequent cloning in the inverted 

orientation of a second nos 3 * fragment and an accompanying 

sequence derived from the ORF of a plant endoglucanase gene which 

provides in vivo stability for the inverted repeat (Warren & 

Green, J. Bacteriol . 161:1103-1111 (1985)). Steps taken in these cloning 

manipulations are described as follows: 

DETD . . . whereas the BamHI fragment containing all but .about. 90 bp of 
PG ORF sequence proximal to the Ncol site and the nos 3 1 
terminator sequence was subdloned into plasmid vector DNA. 

DETD . . . DNA was ligated to a two- fold molar excess of the previously 
described BamHI fragment containing the PG ORF and 3 ' nos 
terminator (ligation conditions were identical to those previously 
described, except that 1 ul of a {fraction (1/10) } dilution of 
ligase. 

DETD [0090] Because the resultant construct, pGEM7-PG2, contains the 
engineered PstI site designed for subcloning an inverted 
nos 3' terminator and a second PstI site proximal to the BamHI 
cloning site, a PstI (partial) -Bglll digestion was conducted. Briefly,. 

DETD [0091] The source of a second nos 3" terminator and a neutral 
"stuffer" fragment, which is required for the stabilization of 



inverted repeat structures in bacteria, and likely higher 

eukaryotes as well, was obtained from the construct pMHXCl . pMHXCl is a 

CaMV 3 5S promoter fusion to the full-length ORF of a pepper 

1, 4-p-endonuclease (PCEL1) , with nos as the 3' terminator 

sequence. To prepare the "nos-stuf f er" fragment for ligation 

to pGEM7-PG2, .about. 10 ug of pMHXCl plasmid DNA was digested to 

completion with BamHI and PstI (using standard digestion conditions) , 

after which the 370 bp fragment containing the 260 bp nos 

fragment and 110 bp of the 3' end of the PCEL1 ORF was gel purified and 

prepared for ligation as. 

DETD . . . from ampicillin resistant colonies provided for the 

identification of the construct pGEM7-IRlL; a subclone of the PG ORF and 

an inverted repeat of the 260 bp nos 3 * terminator 

with 110 bp of PCEL1 ORF DNA serving to stabilize the repeat. 

DETD ... 40 units of BamHI incubated for 2 h at 37° C.), after 
which the fragment containing the PG ORF and nos 3 ' 
inverted repeat was gel purified and prepared for ligation as 
previously described for all preceding cloning steps. Ligation of this 
fragment . 

DETD . . . (all procedures and conditions as described above) . The 

chimeric gene fragment containing the FMV:hsp7 0 promoter, the PG ORF and 
the inverted nos 3 1 terminator was then gel purified 

and ligated to Smal digested SVS297nos which had been dephosphorylated 
using calf alkaline intestinal. 
DETD [0097] Ripe fruit were harvested from primary transf ormants of a 
population of 56 tomato plants transformed with the FMV:PG; 
inverted nos construct, and fruit pericarp was frozen 

in liquid nitrogen. RNA was prepared from the fruit using a small scale 

extraction. 
DETD GENERAL INFORMATION: 
NUMBER OF SEQ ID NOs : 3 
CLM What is claimed is : 

a sense or antisense targeting sequence having substantial identity 

to at least a subsequence of the target gene, and an inverted 

repeat of a subsequence of an NOS gene, wherein the 

inverted repeat is heterologous to the targeting sequence, 

thereby reducing expression of the target gene. 

2. The method of claim 1, wherein the inverted repeat is in a 
position 3" to the targeting sequence. 

3. The method of claim 1, wherein the inverted repeat is in a 
position 5' to the targeting sequence. 

4. The method of claim 1, wherein the inverted repeat is from 
the 3» untranslated region of the NOS gene. 

5. The method of claim 4, wherein the inverted repeat is from 
the terminator region of the NOS gene. 

6. The method of claim 1, wherein the inverted repeat is from 
the 5' untranslated region of the NOS gene. 

7. The method of claim 1, wherein the inverted repeat is from 
the coding region of the NOS gene. 

8. The method of claim 1, wherein the NOS gene is from an 
Agrobacterium sp . 

9. The method of claim 1, wherein the inverted repeat 

comprises a sense region, a linker region, and an antisense region. 



10. The method of claim 1, wherein the inverted repeat is from 
about 3 0 to about 200 nucleotides in length. 



a sense or antisense targeting sequence having substantial identity 
to at least a subsequence of the target gene, and an inverted 
repeat of a subsequence of an NOS gene, wherein the 
inverted repeat is heterologous to the targeting sequence. 

29. The expression cassette of claim 28, wherein the inverted 
repeat is in a position 3' to the targeting sequence. 

30. The expression cassette of claim 28, wherein the inverted 
repeat is in a position 5' to the targeting sequence. 

31. The expression cassette of claim 28, wherein the inverted 
repeat is from the 3' untranslated region of the NOS gene. 

32. The expression cassette of claim 31, wherein the inverted 
repeat is from the terminator region of the NOS gene. 

33. The expression cassette of claim 28, wherein the inverted 
repeat is from the 5' untranslated region of the NOS gene. 

34. The expression cassette of claim 28, wherein the inverted 
repeat is from the coding region of the NOS gene. 

35. The expression cassette of claim 28, wherein the NOS gene 
is from an Agrobacterium sp, 

36. The expression cassette of claim 28, wherein the inverted 
repeat comprises a sense region, a linker region, and an antisense 
region. 

37. The expression cassette of claim 28, wherein the inverted 
repeat is from about 3 0 to about 2 00 nucleotides in length. 
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DETD [0055] Either a constitutive promoter (such as the CaMV or Nos 

promoters) , an organ-specific promoter (such as the E8 promoter from 
tomato) or an inducible promoter is typically ligated to the. 
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DETD 



DETD 



to specific subcellular compartments in eukaryotic cells, and 
particularly in plant cells, has been studied extensively. For example, 
U.S. Pat. Nos. 5,728,925 and 5,717,084 (incorporated herein by 
reference) describe means by which proteins can be targeted to 
chloroplasts . Generally chloroplast targeting. 

can be covered with nylon window screen after planting. Plants 
will grow through the screen so that when pot is inverted for 
infiltration less dirt falls out. 

uM Benzylamino Purine (10 ul per liter of a 1 mg/ml stock 
in DMSO) ) to a dish or beaker and invert plants (pot, soil, 
and all) into liquid solution (submerge the bolts and entire rosettes in 
the infiltration media) . 
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DETD Either a constitutive promoter (such as the CaMV or Nos 

promoters) , an organ- specif ic promoter (such as the E8 promoter from 
tomato) or an inducible promoter is typically ligated to the. 

DETD ... to specific subcellular compartments in eukaryotic cells, and 
particularly in plant cells, has been studied extensively. For example, 
U.S. Pat. Nos. 5,728,925 and 5,717,084 (incorporated herein by 
reference) describe means by which proteins can be targeted to 
chloroplasts. Generally chloroplast targeting. 

DETD . . . expression vector pBI121. This polylinker contains SacI, BamHI, 
Ndel, Xbal, EcoRi, Avrll, Spel, SnaBI, and Asp718 restriction sites (SEQ 
ID NOS : 2 &3 ) : 

DETD . . . can be covered with nylon window screen after planting. Plants 
will grow through the screen so that when pot is inverted for 
infiltration less dirt falls out. 

DETD uM Benzylamino Purine (10 uT per liter of a 1 mg/ml stock 

in DMSO)) to a dish or beaker and invert plants (pot, soil, 
and all) into liquid solution (submerge the bolts and entire rosettes in 
the infiltration media) . 



=> e oeller p?/au 

El 5 OELLER P/AU 

E2 44 OELLER P W/AU 



E3 

E4 

E5 

E6 

E7 

E8 

E9 

E10 

Ell 

E12 



0 --> OELLER P?/AU 
13 OELLER PAUL/AU 
32 OELLER PAUL W/AU 

1 OELLER PAUL WILLIAM/AU 
4 OELLER W/AU 

3 8 OELLERER FRIEDRICH/AU 

2 OELLERICH BRUCE A/AU 
8 OELLERICH D/AU 

1 OELLERICH D W/AU 

2 OELLERICH H/AU 



=> s el-e6 

L5 95 ("OELLER P"/AU OR "OELLER P W" /AU OR "OELLER P?"/AU OR "OELLER 

PAUL"/AU OR "OELLER PAUL W"/AU OR "OELLER PAUL WILLIAM" /AU) 

=> dup rem 15 

PROCESSING COMPLETED FOR L5 

L6 3 8 DUP REM L5 (57 DUPLICATES REMOVED) 

=> s 16 and invert? 

L7 3 L6 AND INVERT? 

=> d 17 ibib abs 
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This report describes a method for the easy generation of inverted 
repeat constructs for the silencing of genes of unknown sequence which is 
applicable to high -throughput studies. This improved procedure for 
high-efficiency gene silencing is specific for a target gene, but does not 
require inverted repeat DNA of the target gene in the construct. 
The method employs an inverted repeat of the 3 ' -untranslated 
region (3 ' -UTR) of a heterologous gene, and has been demonstrated using 
the 3 ' -UTR region of the nopaline synthase (nos) gene from Agrobacterium 
tumefaciens, which is often used as the 3 ' -UTR for transgene constructs. 
In a population of independent tomato primary transf ormants harboring a 
stably integrated polygalacturonase (PG) transgene driven by a 
constitutive promoter and linked to an inverted repeat of the 
nos 3' -UTR, 51 of 56 primary transf ormants (91% of the population) showed 
highly effective post-transcriptional silencing of the PG gene, with PG 
mRNA abundance in ripe fruit reduced by 98% or more. The method was also 
effective in Arabidopsis, where two different, relatively uncharacterized 
plant transcription factors were also targeted effectively. This method 
has the advantage of ease and rapidity in preparation of the constructs, 
since a gene of interest can be inserted into a binary vector already 
containing the promoter and the inverted nos domain in a 
single-cloning step, and does not require any knowledge of the DNA 
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AB The present invention provides methods for inhibiting target gene 

expression, by expressing in a cell a nucleic acid construct comprising an 

inverted repeat and a sense or antisense region having substantial 

sequence identity to a target gene, wherein the inverted repeat 

is unrelated to the target gene. The inverted repeat is chosen 

from any suitable sequence and has the ability to form a double stranded 

RNA in the cell. N another preferred embodiment, the heterologous 

inverted repeat of the invention is from Agrobacteriumn 

tumefaciens NOS gene or from the 3' untranslated region of the NOS gene. 
In one embodiment, the improved gene silencing construct is expressed in a 
plant cell, where the transcript, or fragments thereof, is taken up by 
plant pathogens such as fungi, bacteria, nematodes, e.g., cyst and root 
knot nematodes, and insects, e.g., sucking insects, leading to gene 
silencing in the pathogen. In another embodiment, the improved gene 
silencing construct is expressed in a transgenic plant, and is used to 
regulate expression of the transgene. N another embodiment, the gene 
silencing vector is used to regulate expression of an endogenous plant 
gene, e.g., to regulate plant phenotypes such as disease resistance. 
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expression, by expressing in a cell a nucleic acid construct comprising 
an inverted repeat and a sense or antisense region having 
substantial sequence identity to a target gene, wherein the 
inverted repeat is unrelated to the target gene. 
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other organisms. Applications of this reverse-genetics tool, however, are 
somewhat restricted in nematodes because introduced dsRNA is not stably 
inherited. Another difficulty is that RNAi disruption of 
late-acting genes has been generally less consistent than that of 
embryonically expressed genes, perhaps because the concentration of dsRNA 
becomes 

lower as cellular division proceeds or as developmental time advances. In 
particular, some neuronally expressed genes appear refractory to 
dsRNA-mediated interference. We sought to extend the applicability of 
RNAi by in vivo expression of heritable inverted- 
repeat (IR) genes. We assayed the efficacy of in vivo-driven 
RNAi in three situations for which heritable, inducible 
RNAi would be advantageous: (i) production of large nos. of 

animals deficient for gene activities required for viability or reproduction; 
(ii) generation of large populations of phenocopy mutants for biochem. 
anal.; and (iii) effective gene inactivation in the nervous system. We 
report that heritable IR genes confer potent and specific gene 
inactivation for each of these applications. We suggest that a similar 
strategy might be used to test for dsRNA interference effects in higher 
organisms in which it is feasible to construct transgenic animals, but 
impossible to directly or transiently introduce high concns . of dsRNA. 
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of gene expression in eukaryotic organisms, using double -stranded RNA 
comprising, in addition to the dsRNA region comprising nucleotide 
sequences homologous to the target gene, additional dsRNA regions 
designed to down regulate a second gene or which are unrelated to the 
target gene . 
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AB Methods and compositions for modulating plant growth, strength and 

flexibility are provided. Nucleotide sequences encoding maize expansin 
proteins are provided. The sequence can be used in expression cassettes 
for modulating growth, stalk strength and flexibility. Transformed 
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plants, plant cells, tissues, and seed are also provided. Methods for 
rapidly identifying and isolating a Mu-tagged recessive gene mutation in 
a Fl generation plant, and identification and isolation of its 
associated wild- type gene are also provided. 
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expression, by expressing in a cell a nucleic acid construct comprising 
an inverted repeat and a sense or antisense region having substantial 
sequence identity to a target gene, wherein the inverted repeat is 
unrelated to the target gene. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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which is applicable to high- throughput studies. This improved procedure 
for high-efficiency gene silencing is specific for a target gene, but does 
not require inverted repeat DNA of the target gene in 
the construct. The method employs an inverted repeat 
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of the 3 ' -untranslated region (3'-UTR) of a heterologous gene, and has 

been demonstrated using the 3 ' -UTR region of the nopal ine 

synthase (nos) gene from Agrobacterium tumef aciens, which is 

often used as the 3 ' -UTR for transgene constructs. In a population of 

independent tomato primary trans formants harboring a stably integrated 

polygalacturonase (PG) transgene driven by a constitutive promoter and 

linked to an inverted repeat of the nos 

3 ■ -UTR, 51 of 56 primary transf ormants (91% of the population) showed 
highly effective post- transcriptional silencing of the PG gene, with PG 
mRNA abundance in ripe fruit reduced by 98% or more. The method was also 
effective in Arabidopsis, where two different, relatively uncharacterized 
plant transcription factors were also targeted effectively. This method 
has the advantage of ease and rapidity in preparation of the constructs, 
since a gene of interest can be inserted into a binary vector already 
containing the promoter and the inverted nos domain in a 
single -cloning step, and does not require any knowledge of the DNA 
sequence. The approach is suitable for high -throughput gene silencing 
studies, where it is necessary to investigate the function of hundreds to 
thousands of uncharacterized genes. 
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AB The present invention provides methods for inhibiting target gene 

expression, by expressing in a cell a nucleic acid construct comprising an 

inverted repeat and a sense or antisense region having 

substantial sequence identity to a target gene, wherein the 

inverted repeat is unrelated to the target gene. The 

inverted repeat is chosen from any suitable sequence and 

has the ability to form a double stranded RNA in the cell. N another 

preferred embodiment, the heterologous inverted repeat 

of the invention is from Agrobacteriumn tumef aciens NOS gene or 

from the 3' untranslated region of the NOS gene. In one 

embodiment, the improved gene silencing construct is expressed in a plant 
cell, where the transcript, or fragments thereof, is taken up by plant 



pathogens such as fungi, bacteria, nematodes, e.g., cyst and root knot 
nematodes, and insects, e.g., sucking insects, leading to gene silencing 
in the pathogen. In another embodiment, the improved gene silencing 
construct is expressed in a transgenic plant, and is used to regulate 
expression of the transgene. N another embodiment, the gene silencing 
vector is used to regulate expression of an endogenous plant gene, e.g., 
to regulate plant phenotypes such as disease resistance. 
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production of transgenic cotton plants that produce oils having a range 
of desirable attributes, including improved oil quality, and modified 
fatty acid composition. 
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Compositions comprising these sequences are described, as well as 
transformation constructs derived therefrom. Further provided are 
methods for the expression of transgenes in plants comprising the use of 
these sequences. The methods of the invention include the direct 
creation of transgenic plants with the A3 promoter directly by genetic 
transformation, as well as by plant breeding methods. The sequences of 
the invention represent a valuable new tool for the creation of 
transgenic plants, preferably having one or more added beneficial 
characteristics . 
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Disclosed is substantially pure DNA encoding an Arabidopsis thaliana 
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Rps2 polypeptide; substantially pure Rps2 polypeptide; and methods of 
using such DNA to express the Rps2 polypeptide in plant cells and whole 
plants to provide, in transgenic plants, disease resistance to 
pathogens. Also disclosed are conserved regions characteristic of the 
RPS family and primers and probes for the identification and isolation 
of additional RPS disease-resistance genes. 
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Compositions comprising these sequences are described, as well as 
transformation constructs derived therefrom. Further provided are 
methods for the expression of transgenes in plants comprising the use of 
these sequences. The methods of the invention include the direct 
creation of transgenic plants with the A3 promoter directly by genetic 
transformation, as well as by plant breeding methods. The sequences of 
the invention represent a valuable new tool for the creation of 
transgenic plants, preferably having one or more added beneficial 
characteristics . 
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Disclosed is substantially pure DNA encoding an Arabidopsis thaliana 
Rps2 polypeptide; substantially pure Rps2 polypeptide; and methods of 
using such DNA to express the Rps2 polypeptide in plant cells and whole 
plants to provide, in transgenic plants, disease resistance to 
pathogens. Also disclosed are conserved regions characteristic of the 
RPS family and primers and probes for the identification and isolation 
of additional RPS disease-resistance genes. 
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polypeptide; a promoter functional in immature plant tissues which is 
capable of ethylene induction; and methods of using such promoters to 
express recombinant proteins or RNA and to regulate ethylene -inducible 
events of a plant, e.g., fruit ripening or senescence, especially during 
early stages of plant development. 
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Previous work has suggested that de novo methylation of plant nuclear 
genes can be triggered by an RNA-DNA interaction. To test whether 
transcription of a promoter would induce de novo methylation and silencing 
of unlinked genes driven by the same promoter, a chimeric 'gene' 
consisting of a nopaline synthase promoter (NOSpro) positioned 
downstream of the cauliflower mosaic virus 35S promoter (35Spro) and 
flanked at the 3 ■ end by a NOS terminator (NOSter) was 
constructed and introduced into the genome of a plant that normally 
expresses an unmethylated NOSpro -neomycinphosphotransf erase (nptll) gene. 
Transf ormants were tested for kanamycin resistance and NOSpro RNA 
synthesis. Most produced a full-length polyadenylated NOSpro RNA, which 
did not induce silencing or methylation at the NOSpro-nptll target gene. 
One, however, contained truncated non-polyadenylated NOSpro RNA; in this 
plant, the NOSpro-nptll gene became silenced and methylated in the NOSpro 
region. Molecular analysis of the NOSpro silencing locus revealed two 
incomplete copies of the 3 5Spro-NOSpro gene arranged as an 
inverted repeat with NOSpro sequences at the center. 
Reducing NOSpro transcription by crossing a 35Spro-silencing locus 
partially reactivated nptll gene expression and decreased NOSpro 
methylation at the target locus, thus implicating aberrant NOSpro RNA in 
this trans -silencing phenomenon. 
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INDEXING IS AVAILABLE FOR THIS PATENT. 
A DNA fragment is provided which is a 
activating or enhancing the transcription level of a plant-expressible 
gene consisting essentially of a consensus sequence selected from the 
group consisting of ##STR1## and its reverse sequence. Said DNA fragment 
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plant enhancer element capable of 



may also contain a second sequence 5' -ACGTAAGCGCTTACGT-3 ' . These 
sequences bind with ocs transcription factor. 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

A DNA fragment is provided which is a plant enhancer element capable of 
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activating or enhancing the transcription level of a plant -expressible 
gene consisting essentially of a consensus sequence selected from the 
group consisting of ##STR1## and its reverse sequence. Said DNA fragment 
may also contain a second sequence 5 ' -ACGTAAGCGCTTACGT-3 ' . These 
sequences bind with ocs transcription factor. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A DNA fragment is provided which is a plant enhancer element capable of 

activating or enhancing the transcription level of a plant-expressible 
gene consisting essentially of a consensus sequence selected from the 
group consisting of ##STR1## and its reverse sequence. Said DNA fragment 
may also contain a second sequence 5 ' -ACGTAAGCGCTTACGT-3 * . These 
sequences bind with ocs transcription factor. 
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Fine deletion mutants were generated in the upstream control region of the 
nopaline synthase (nos) promoter to define the position 

and role of upstream regulatory elements. The results indicated that the 
8 bp sequence (CAGAAACC) at -106/ -113 and its inverted 
repeat (GGTTTCTG) at -14 0/ -14 7 are important for promoter 

function. The downstream element appears more important than the upstream 
element since deletion of the former reduced promoter activity more 
significantly than deletion of the latter. Deletion of the element alone, 
however, did not abolish promoter function, whereas, deletion of the 10 bp 
potential Z -DNA- forming (Z) element located between the repeat elements 
nullified promoter activity. Therefore, it appears that the Z element is 
an essential upstream regulator and the repeated elements are upstream 
modulators of the nos promoter. These elements are functionally 
distinct since alteration of stereospecif icity or insertion of short 
oligonucleotides between the elements did not significantly influence 
promoter activity. These regulatory elements were unable to function from 
2 00 bp upstream of the CCAAT-TATA box region. 
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